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ABSTRACT 
Frequently in fatigue damage assessments of welded structures, the available 
information includes linguistic descriptions of the damage and numerical results 
from tests and analyses. The precision of the numerical results and the precision of 
the linguistic descriptions may be inconsistent. However, the incorporation of both 
types of information is important for a meaningful assessment ofstructural damage. 
A linguistic damage assessment technique ispresented to incorporate both forms 
of information into the assessment procedure. The variables used in the assessment 
are described with linguistic terms that are represented with fuzzy membership 
functions. A damage assessment function is then determined using fuzzy quantifica- 
tion theory and is used to determine the damaged state. 
A criterion function is proposed to determine the effects of procedural variables 
on the assessment function. Finally, the technique isdemonstrated using experimen- 
tal data on the effects of slag inclusions in welded joints. 
KEYWORDS: damage assessment, fuzzy mathematics, fatigue, welded 
joints, structures 
INTRODUCTION 
Because fatigue damage is a progressive phenomenon that can result in 
catastrophic failures, it is important to recognize and assess  such damage states 
of structures. However, owing to the complexity of this phenomenon, it is 
difficult to determine the damage state of an existing structure. Frequently the 
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available information about the damage includes linguistic descriptions and 
numerical results, the precision of which may be inconsistent with each other. 
Linguistic damage assessment techniques provide a practical method for 
incorporating both forms of information in the determination of the fatigue 
damage of existing structures. 
In this paper, linguistic assessment of damage is briefly explained. The major 
assessment variables are described in linguistic terms that are defined with fuzzy 
sets. The damage state is evaluated by using the fuzzy quantification theory 
OVatada [1]). A criterion function is proposed to estimate the quality of the final 
assessment. The criterion function may also be used to aid in the determination 
of the assessment parameters. The assessment procedure and the effects of 
procedural variables are demonstrated using butt-welded steel plates under 
fatigue loadings, Finally, an extension of the proposed method for the damage 
assessment of welded structures i also discussed. 
FATIGUE PHENOMENON 
The fatigue behavior of a structure under repeated load applications i  a 
complex phenomenon i volving localized, permanent, and progressive changes 
in the material. These changes result in cracking and possible fracture of critical 
components of the structure and may lead to the collapse of the entire structure. 
The factors affecting the fatigue behavior of a structure may be classified as 
material, weldment, and environmental factors (see Munse [2]; Bowman and 
Yao [3]; Sanders and Day [4]; Hinkle and Yao [5]). While it is possible to 
assign a numerical value to some of these factors, it is difficult to obtain a 
complete mathematical model of the fatigue behavior of existing structures 
(Bowman et al. [6]; Yao et al. [7]). This is due to the complex nature of the 
fatigue phenomenon, the interaction between the fatigue factors, and the 
difficulties in modeling the structural behavior. 
LINGUISTIC ASSESSMENT 
The four basic steps in a linguistic damage assessment procedure as illustrated 
in Figure 1 are outlined as follows: 
1. Assessment of variables in linguistic terms 
2. Translation of linguistic terms into fuzzy sets 
3. Inference of the fuzzy damage state 
4. Translation of the fuzzy damage state into linguistic terms 
The translation of linguistic terms into fuzzy sets and the translation of the fuzzy 
damage state into linguistic terms are accomplished through the establishment of 
a "dictionary of linguistic terms." This dictionary, established with the 
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Figure 1. Process of Linguistic Assessment 
assistance of experts, is used to define a fuzzy set for each linguistic term. 
Similarly, an assessed fuzzy set can be matched with the dictionary, using a 
distance measure to determine the linguistic damage state. The inference of the 
fuzzy damage state can be made in several ways: Blockley [8] discussed a
hierarchical method, Yao [9] discussed a fuzzy relational method, and Ishizuka 
et al. [10] suggested a rule-based system. 
In this investigation, the fuzzy quantification theory type 1 (Watada [1]; 
Watada et al. [11]) was used to develop an assessment function as follows: 
i=k 
Yo(~) = ~,  A~XA~) ,  ~ = 1, . . . ,  n (1) 
i=l  
where Y0 is a fuzzy set representing the assessed damage state and Ai is the fuzzy 
coefficient associated with the ith linguistic assessment variable Xi. The 
coefficients of this assessment function are determined from a set of n similar 
structures with known variables and damage state. This set of similar structures 
is called a training sample. The function may be used to predict he damage 
state of other structures similar to structures in the training sample. 
The best values of the fuzzy coefficients Ai are determined on the criteria of 
fuzziness S and fitness h. The fuzziness of the function is a measure of the width 
of the fuzzy coefficients, defined as follows: 
i=k 
S = ~ (~,-  a,) (2) 
i=1  
where a~ and a,. are the upper and lower o~-level values of the fuzzy coefficient 
matrix Ai as shown in Figure 2. The fitness of the function is a measure of the 0¢ 
level of the intersection of the fuzzy sets representing the actual and assessed 
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damage states for a structure. The fitness level is defined as 
h = max {min [#y(y), #r0(Y)]} (3) 
where #Y(Y) is the y membership function of the fuzzy set representing the 
actual damage state, and #to(Y) is the membership function of the assessed 
fuzzy set from Eq. (1). These two indices are incompatible in the sense that the 
higher the fitness, the fuzzier the resulting damage state. 
The fuzzy linear assessment function, Eq. (1), is obtained by determining the 
coefficients Ai that minimize the fuzziness as given in Eq. (2). The constraints of 
the linear program are developed by establishing a minimum acceptable fitness 
level, h*. This level may be set through consultation with an expert or with the 
aid of the criterion function as proposed in the following section. 
To demonstrate the procedure we will first assume that the assessment 
variables are all deterministic. After an acceptable fitness level is set, the upper 
and lower t~-level values Y0 and _Yo with t~ = h* are determined for Eq. (1): 
r i=li=k i=k 1 [ Fo(w), yo(6d)] = / ~ aixi(60), ~ aixi(60) 60 1, . . . ,  n (4) 
L i=l 
Likewise, the upper and lower ~ = h* values of the fuzzy set representing the 
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actual damage state are determined as 17 and _Y. The coefficients A~ can then be 
determined through the following linear program. 
Minimize the fuzziness 
i=k 
S = ~ (a i -  a_i) (5) 
i=l 
subject o the constraints: 
i=k 
y(O)) ~ ~ aixi(00) 
i=l 
o~= 1, "- . ,  n (6) 
i=k 
17(60) ~ 2 aixi(60) 60 = 1, " " ,  n (7) 
i=l 
ai--- a-i (8) 
A heuristic approach is necessary when the assessment variables are 
represented asfuzzy sets. This is due to possible differences in the sign between 
the u-level values of the coefficients. 
STEP 1 Choose a representative alue of the fuzzy variable, and determine the 
coefficients by the linear programming method explained above. 
STEP 2 Determine the new constraints for each structure based on the signs of 
the c~-level values of the coefficients. Let 
[17o, _go]= 
[' ] aid(i, a iS  i if a i ~ a i ~ 0 
i=l i=1 
a iX i  , a-i.e~i i f  a-i ~ ai ~ 0 (9) 
i=1 i~l 
a iX i ,  a_i i f  a i ) 0 ) a i 
i=1 i=l 
STEP 3 Solve the linear program using the new values of I70 and _Y0 to establish 
the constraints. 
STEP 4 If the coefficients from two successive iterations have the same sign, 
then stop. If not, go to step 2. 
Further details of this methodology are presented inHinlde et al. [12] and Hinkle 
[131. 
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CRITERION FUNCTION 
In the methodology as given by Hinkle et al. [12], several parameters are set 
in an arbitrary manner. A criterion function is established herein to assist the 
user in determining the best values of these parameters. The first term of the 
criterion function is the fitness level h*. A value of this parameter close to 1 
provides a better assessment than a value close to zero because the linear 
programming constraints are more restrictive. 
The accuracy of the assessment is another important factor to be included in 
the criterion function. Because the damage state of the training sample is known, 
it is possible to compare the assessed and actual damage states for this sample. 
The accuracy of the o~th specimen in the training sample, Acc,o, may be 
measured with a squared-error loss function: 
Acc~ = (actual state - assessed state) 2 (10) 
The width of the assessed set indicates the degree of uncertainty in the 
assessment. Figure 3 demonstrates two possible assessed fuzzy sets that, because 
their distance measures are lowest for the fuzzy set representing "question- 
able," would both be assigned the dictionary linguistic term "questionable." 
~1.0 
E0.5  :[ 
I I I 
- - -~-  - - -  Assessed  
Fuzzy  Set  1 
Term 
0.25 0.50 0.75 1.0 
Damage State 
Figure 3. Comparison of Widths for Assessed Fuzzy Sets 
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Therefore, both would have the same Acc~ value. However, the narrower set 
more closely matches the dictionary term "questionable." A measure of the 
width of the o~th assessed set on the interval [0, 1] is the ratio 
width of assessed set at a = 0.5 
&= l - (11)  
i=k 
width of dictionary sets at ct = 0.5 
i=1  
Using these terms, the criterion function J~ for the ith structure is given by 
J~ = h* + R~ - Acc~ (12) 
and the criterion function for the total sample of n structures, J is 
o J~n 
J=  ~ J~ (13) 
oJ=l  
The criterion functions may be used to compare the effects of changing the 
fitness level and/or the membership functions on a specimen or on the total 
assessment. To compare ffects, the criterion value for a structure, Eq. (12), or 
the criterion value for the total sample, Eq. (13), is calculated. The criterion 
values are defined such that higher values indicate better assessments. The 
application of these functions is discussed in a later section. 
APPLICATION TO FATIGUE EVALUATION OF BUTT WELDS 
Bowman and Munse [14] examined the fatigue behavior of welded steel 
plates. They tested 24 specimens, each 1 in. x 5 in. x 33 in., with slag 
inclusions of various sizes and shapes in the welds. The welds were 
radiographed to determine the length and location of each inclusion. Fatigue 
tests, to complete fracture, were conducted at a stress range of 0.5-60.5 ksi with 
a frequency of 3.33 Hz. 
The experimental data listed in Table 1 indicate that the key factors of this test 
were the length of the slag inclusion Xt, a qualitative measure of the diameter of 
the slag inclusion X2, the number of possible crack initiation sites X3, and a 
qualitative assessment of the shape of the inclusion, )(4. The dictionary of 
linguistic terms and their fuzzy set representations for these variables were 
determined through examination of the data and information recorded by the 
original investigators. For example, the diameter of the slag inclusion is 
associated with two linguistic terms; "small" and "large." These were 
indicated by the two pass diameters of deposited weld, approximately 3/32 in. 
and 3/16 in., because the slag inclusion is completely contained in a weld pass. 
The fuzzy set representations are trapezoidal fuzzy numbers with peaks at these 
values. A shorthand notation for the trapezoidal membership function (see 
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Summary of Data from Fatigue Test of Butt-Welded HY-80 Plate 
(From Bowman and Munse [14].) 
Cycles 
Specimen to Slag Slag Initiation Defect 
No. Failure Length Diameter Sites Shape a
NC-3 21710 0.21 small 3 -- 
WA-10 18850 0.12 large 3 flat 
SB-3 18850 0.22 large 6 fiat 
NA-7 18620 0.21 small 3 w-r 
WC- 12 18180 0.39 large 3 w-r 
NC-9 18080 0.19 small 5 -- 
NB-8 17790 0.12 small 3 sharp 
WC-6 16950 0.29 large 1 w-r 
SB- 1 15800 0.22 large 2 rect 
NA-1 15330 0.09 small 3 w-r 
SB-2 12960 0.34 large 5 w-r 
WB-5 12060 0.34 large 2 -- 
NB-2 10930 0.20 small 2 sharp 
WA-4 10520 0.33 large 3 -- 
WB- 11 9440 0.35 large 4 sharp 
MB-3 6950 0.60 large 5 w-r 
LB-2 6620 0.59 large 3 flared 
MB-2 6490 0.60 large 5 rect 
MB-1 5480 0.67 large 5 sharp 
LB- 1 5130 0.56 large 6 w-r 
LB-3 4170 0.49 large 3 flat 
KB-1 3280 0.52 large 5 flat 
KB-3 3240 0.48 large 6 flat 
KB-2 2800 0.54 large 6 rect 
° w-r = well-rounded; rect = rectangular. 
Figure 4) used in this paper is 
i t (x )= (a, b, c, d)  (14) 
where a, b, c, d are the values of  x such that #(a) = 1, I~(b) = 1, #(a - c) = O, 
and t~(b + d) = 0. Similarly, the other terms and their fuzzy sets were 
suggested by the data and information recorded by the original investigators. A 
detailed iscussion of  the determination of the dictionary may be found in Hinkle 
[13]. The dictionary of  linguistic terms and their fuzzy set representations for 
these variables and for the final fatigue damage states are listed in Table 2. The 
linguistic interpretation of the data is given in Table 3. 
The application of  fuzzy quantification theory requires that the assessment 
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Table 2. Dictionary of Linguistic Terms 
Variable Term Representation 
Slag length short (0.0, 0.10, 0.0, 0.10) 
medium (0.25, 0.25, 0.10, 0.10) 
long (0.40, 0.40, 0.10, 0.10) 
extra long (0.55, 1.0, 0.15, 0.0) 
Slag diameter small (0.10, 0.10, 0.10, 0.10) 
large (0.20, 0.20, 0.10, 0.10) 
Number of sites low 1.0/1 + 1.0/2 
medium 1.0/3 + 1.0/4 
high 1.0/5 + 1.0/6 
Shape well-rounded (0.0, 0.20, 0.0, 0.15) 
rectangular (0.40, 0.50, 0.20, 0.20) 
flat (0.70, 0.70, 0.20, 0.20) 
sharp (0.90, 1.0, 0.15, 0.0) 
Damage state good (0.0, 0.20, 0.0, 0.20) 
questionable (0.50, 0.50, 0.25, 0.25) 
bad (0.80, 1.0, 0.20, 0.0) 
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Table 3. Linguistic Interpretation of Data for Test Specimens 
Specimen Damage Slag Slag Initiation Defect 
No. State a Length/' Diameter Sites Shape c
NC-3 good medium small medium --  
WA- 10 good short large medium flat 
SB-3 good medium large high flat 
NA-7 good medium small medium w-r 
WC- 12 good long large medium w-r 
NC-9 good medium small high --  
NB-8 good short small medium sharp 
WC-6 good long large low w-r 
SB- 1 good medium large low rect 
NA- 1 good short small medium w-r 
SB-2 quest long large high w-r 
WB-5 quest long large low --  
NB-2 quest medium small low sharp 
WA-4 quest long large medium -- 
WB- 11 quest long large medium sharp 
MB-3 bad ex long large high w-r 
LB-2 bad ex long large medium flared 
MB-2 bad ex long large high rect 
MB-1 bad ex long large high sharp 
LB- 1 bad ex long large high w-r 
LB-3 bad ex long large medium flat 
KB-1 bad ex long large high flat 
KB-3 bad ex long large high flat 
KB-2 bad ex long large high rect 
a quest = questionable. 
b ex long = extra long. 
c w-r = well-rounded; rect = rectangular. 
function be determined with a training sample. For this study, a training sample 
of size 15 was randomly selected from the 24 specimens (see Table 4). The 
analysis was conducted using a fitness level of 0.7 according to the heuristic 
procedure discussed earlier. After two iterations the following assessment 
function was obtained: 
Y= 1.49X~ - 1.26X2 + 0.0X3 + 0.097X4 (15) 
This function indicates that the length of  the slag inclusion X1 and the diameter 
of the slag inclusion X2 are the most significant indicators of  a specimen's 
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Table 4. Training Sample of 15 
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Specimen Damage Slag S lag  Initiation Defect 
No. State a Length b Diameter Site Shape c 
SB-3 good medium large high flat 
WB-5 quest long large low -- 
NC-9 good medium small high -- 
WB- 11 quest long large medium sharp 
WC-12 good long large medium w-r 
WA- 10 good short large medium flat 
WA-4 quest long large medium -- 
NA- 1 good short small medium w-r 
KB-1 bad ex long large high flat 
NB-2 quest medium small low sharp 
NA-7 good medium small medium w-r 
KB-2 bad ex long large high rect 
SB-2 quest long large high w-r 
LB-1 bad ex long large high w-r 
MB-3 bad ex long large high w-r 
° quest = questionable. 
b ex long = extra long. 
c w-r = well-rounded; rect = rectangular. 
damage state, while the number of crack initiation sites X3 was not an indicator 
of a specimen's damage state. 
The assessment function as given in Eq. (15) was then used to calculate the 
assessed amage state of the 24 specimens. These assessed amage states were 
compared to the actual damage states of the 15 training specimens and 9 test 
specimens. Equation (15) correctly assessed the damage state of 14 of the 
training sample specimens and 8 of the test sample specimens. 
DISCUSSION 
The fitness level h*, defined in Eq. (3), has a direct effect on the widths of the 
assessed fuzzy sets and the magnitude of the coefficients. To demonstrate his 
effect, an analysis with a fitness level of 0.8 was conducted using the training 
sample from the previous ection. The new assessment function 
Y= 2.33X~ - 2.93X2 + 0.0Xs + 0.39X4 (16) 
correctly assessed 13 of the 15 training specimens and 8 of the 9 test specimens. 
However, the widths of the assessed fuzzy sets are greater than those from Eq. 
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(15). Specimen NC-3 had the following assessed sets: 
For h* =0.7  : (0.25, 0.25, 0.28, 0.28) 
For h* =0.8  : (0.29, 0.29, 0.53, 0.53) 
The width of the h* = 0.8 set is approximately twice the width of the h* = 0.7 
set. This is true of all the original fuzzy sets; however, truncation to the [0, 1] 
interval caused some of the 0.8 sets to be narrower. 
The criterion functions, Eqs. (12) and (13), may be used to determine the best 
fitness level(s). Analyses using fitness levels of 0.5, 0.6, 0.7, 0.8, and 0.9 were 
conducted. The criterion values J,~ for the 24 specimens are compared in Table 
5. The fitness level of 0.6 had the highest value for 11 specimens, while the 
Tab le  5. Comparison of  Specimen Criterion Values (J,0) for Different Fitness 
Levels 
Fitness Level 
Specimen 
No. 0.5 0.6 0.7 0.8 0.9 
SB-3 1.37 1.40 1.35 1.10 0.19 
WB-5 1.40 1.42 1.38 1.18 1.02 
NC-9 1.40 1.42 1.38 1.18 1.02 
WB-I1 1.38 1.40 1.36 1.11 0.58 
WC-12 0.36 0.39 0.34 0.07 - 0.46 
WA-10 1.32 1.38 1.55 1.51 1.37 
WA-4 1.40 1.42 1.38 1.18 0.65 
NA-I 1.31 1.40 1.48 1.45 1.36 
KB-1 0.96 0.98 1.05 1.31 0.76 
NB-2 1.38 1.40 1.36 1.11 0.95 
NA-7 1.36 1.39 1.35 0.07 0.54 
KB-2 - 0.06 0.93 1.02 1.19 0.63 
SB-2 1.41 1.38 1.34 1.07 -0 .84 
LB-1 - 0.06 0.89 0.98 1.06 0.51 
MB-3 - 0.06 0.89 0.98 1.06 0.51 
SB-1 1.36 1.38 1.34 1.06 0.90 
MB-2 0.96 1.01 1.08 1.40 0.85 
WC-6 0.36 0.39 0.34 0.07 - 0.09 
KB-3 0.96 0.98 1.05 1.31 0.76 
NC-3 1.40 1.42 1.38 1.18 0.65 
MB-I 0.96 1.01 1.08 1.40 0.85 
NB-8 1.33 1.34 1.40 0.97 1.10 
LB-3 - 0.06 0.93 1.02 1.19 0.95 
LB-2 - 0.06 0.93 1.02 1.19 0.95 
Total 22.08 27.48 28.01 25.42 15.71 
Linguistic Assessment of Welded Structures with Fatigue Damage 59 
fitness level of 0.7 had the highest otal criterion value, J = 28.01. In Figure 5 
the total criterion value is plotted versus the fitness level. This demonstrates that 
for this set of data, fitness levels between 0.6 and 0.75 are acceptable because 
the criterion values are approximately equal. 
The assessment procedure is sensitive to changes in the membership functions 
used to represent he linguistic variables. Hinlde [13] investigated two 
alternative r presentations forthe length of the slag inclusions. The slag lengths 
were measured for each specimen by the original investigators; therefore it was 
possible to represent the slag length either as a crisp number or as a fuzzy 
number with unit membership at the measured value. Assessments were 
conducted using both of these representations forthe slag length while all other 
variable representations remained the same as in the previous assessments. 
Neither the crisp number epresentation with J = 17.47 nor the fuzzy number 
representation with J = 14.28 had total criterion values as high as when the slag 
length was first interpreted into linguistic terms. The major reason for these 
lower values was the stringent linear programming constraints produced by these 
methods of representing the slag length. 
The shape of the membership function can affect he final assessment (Hinkle 
[13], [15]). For example, II(x), S(x), and Z(x) curves (Zadeh [16]) were used to 
characterize the membership functions of the linguistic terms. The general 
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equations for these curves are 
t" 
0 
2 (x-P+/3)~ 
2 n(x)= I -~  (x -o )  ~ 
2 
-~ (x-o-~3) ~ 
0 
where p is the central peak value and 13 is the width at c~ = 0.5. 
S(x)=,  
x < p-/3 
P-/3 <x <~ p-/3/2 
p - /3 /2<x ~ p+/3/2 
p+/3/2<x <~ p+/3 
0+/3 <x 
g- 
O x~<p-~ 
2 
(x -p+/3)  2 p-/3 <x <~ o-13/2 
2 
1-~-~ (x -p )  2 p-O/2<x ~ p 
1 p<x 
(17) 
(18) 
where p is the left peak value and/3 is the band width. 
Z(x) = 
r" 
1 x<<.p 
2 13 
1--~ (x-o) 2 o<x <. o+~ 
2 
(x-o-~3) ~ o+~<x < 0+0 
0 o+O<x 
(19) 
where p is the right peak value and/3 is the band width. When the assessment 
was done using these curves to represent the fuzzy sets the total criterion value 
was 28.62. This slight increase was due to the increased width at the a level of 
0.7 of the H(x), S(x), and Z curves when compared to the trapezoidal curves 
(both had equal widths at an a level of 0.5). Therefore the widths of the assessed 
fuzzy sets were narrower, increasing the R value [Eq. (11)] for most specimens. 
The proposed assessment procedure requires a training sample to determine 
the assessment function. Each specimen of the training sample produces two 
constraints on the linear program. However, not all specimens produce binding 
constraints. When the training sample consists of the complete data set, the 
probability of including all the binding specimens is 1. As smaller training 
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samples are used, the probability decreases. A number of smaller training 
samples can be used and the coefficients determined by averaging. Thirty 
assessments at the h* = 0.7 level were conducted, and the coefficient for each 
variable determined by averaging. The averaged assessment function 
Y = 1.06Xl - 0.5222 + 0.01Xa + 0.1424 (20) 
had a criterion value of 29.60. This improvement was due to the narrow assessed 
fuzzy sets from Eq. (20). More research is needed regarding the use of this 
averaging technique. 
EXTENSION TO WELDED STRUCTURES 
The safety and reliability of structural systems have been studied uring the 
past three decades. Many theories and approximate methods are available at 
present. Because (1) the failure behavior of full-size structures is highly 
dependent on loading history, which is difficult to describe, and (2) there are 
insufficient data on loading conditions for reliable prediction of failure loads, i
much work remains to be done in calculating the reliability of structural systems. 
In particular, existing structures are extremely complex systems, the safety of 
which is difficult to evaluate (Yao et al. [7], [17]; Yao [18]). 
In welded structures, it is usually assumed that welded joints are critical 
elements because of the presence of possible defects and discontinuities. The 
proposed methods are useful for the damage assessment of structural elements 
that are welded together. The difficulty lies, however, in the fact that the load 
paths change whenever cracks occur at certain locations. In spite of recent 
advances in finite-element analysis and computer technology, it is still difficult 
to mathematically model structural systems with propagating cracks. Moreover, 
there exist many theorems of cumulative damage with various uncertainties 
(e.g., Stephens [19]). Ishizuka et al. [10] suggested the application of expert 
systems in which many sources of data, calculation, and other information 
concerning the structure may be considered. However, the practical implemen- 
tation of such expert systems is not a simple matter (Yao et al. [17]). Work is 
continuing on this phase of the investigation. 
CONCLUSION 
In this paper, the use of a linguistic damage assessment procedure is 
presented. Key variables are represented by linguistic terms and then translated 
a As an example, the 19 September 1985 "outlaw" Mexico City earthquake exhibited some 
characteristics hat were not observed in past earthquake records. 
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into fuzzy sets using a dictionary. An assessment function is obtained to relate 
several variables to the damage states. The result is an assessed fuzzy set that is 
translated into a linguistic description of the fatigue damage. 
This procedure is applied to fatigue data from butt-welded steel plates. The 
ability o¢ the proposed method to correctly predict the damage state of a 
specimen is found to depend on the following factors: (1) choice of fitness level, 
(2) choice of linguistic terms, (3) representation f linguistic terms, and (4) size 
and makeup of the training sample. The proposed criterion function, Eq. (13), 
was used to determine the influence of these factors on the assessment function. 
The proposed procedure has been demonstrated as a method for dealing with 
the uncertainties a sociated with fatigue damage. Using experimental data, an 
assessment function is determined that can assess the damage state of the 
specimens. Assessment functions thus defined could be helpful in accurately 
determining the overall structural damage state. 
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